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Abstract 

Background: Adherence to pharmacological therapy is a complex and multi-factorial issue that can substantially 
alter the outcome of treatment. It has been shown that cancer patients, especially when using long-term 
medication, have similar adherence rates to those of patients with other diseases. The consequences of poor 
adherence are poor health outcomes and increased health care costs. Only few studies have focused on the use of 
oral anticancer agents in daily practice. Information about the reasons for non-adherence is essential for the 
development of interventions that may increase adherence. This paper presents the CAPER-erlotinib protocol, 
which is designed to study the relationship between adherence to erlotinib and both the plasma concentration 
and side-effects in patients with NSCLC. Further, the relationships between patient characteristics, disease 
characteristics, side-effects, quality of life, patient beliefs and attitude towards disease and medication, dose 
adjustments, reasons for discontinuation and plasma concentration of erlotinib will be explored. 

Methods/Design: In this prospective observational cohort study 65 NSCLC patients of 18 years or older starting 
treatment with erlotinib will be followed for a period up to 16 weeks. The main study parameters are adherence, 
the plasma concentration of erlotinib and the number and grade of side-effects. At baseline and on erlotinib 
treatment in weeks 3-4, 8-9, 12 and 15-16, patients will be asked to fill out a questionnaire. In weeks 3-4, 8-9 and 
15-16 blood samples are collected, which will be analysed for plasma concentration of erlotinib. Adherence will be 
measured using a medication event monitoring system. 

Discussion: The present study aims to get more insight into patients' experiences with the use of erlotinib in daily 
practice and the various aspects that govern adherence. We hypothesize that side-effects play an important role in 
the way patients use erlotinib. We expect that the present study will provide valuable knowledge which will be 
useful for health care professionals to develop interventions to support patients. This approach will improve the 
adherence and persistence with the use of erlotinib in order to derive optimal benefit from the medication. 

Trial Registration: NTR1830 



Background medication at home in daily practice the issue of adher- 

In the pharmacological treatment of cancer intravenous ence needs to be considered. 

(IV) therapy has played an important role. Since the last 

decade a growing number of oral substances has been Adherence 

introduced in cancer treatment. Most patients prefer Adherence to oral pharmacological therapy is a complex 

oral use of anticancer agents as long as it does not com- and multifactorial issue that can substantially alter the 

promise the outcome of treatment [1,2]. In addition, the outcome of therapy [6,7]. Adherence (synonymous with 

overall costs of oral treatment are often lower than compliance) has recently been defined by the Interna- 

those of IV therapy [3-5]. However, with the use of oral tional Society for Pharmacoeconomics and Outcome 

Research (ISPOR) as the extent to which a patient acts 
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dosing regimen [8]. A patient is optimally adherent if no 
doses are missed, no extra doses are taken, and no 
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doses are taken in the wrong quantity or at the wrong 
time. Adherence is measured over a period of time and 
reported as the adherence rate, which is the percentage 
of dose taken in relation to what was prescribed [9]. 
There are several methods to measure adherence, 
including self reports, pill counts, electronic monitoring 
systems, analyses of pharmacy dispensing databases or 
assessment of blood or urine samples. There is no 
golden standard measurement and all methods have 
limitations [9,10]. The major limitation of measuring 
adherence is the so called Hawthorne effect: the measur- 
ing of adherence itself influences the adherence because 
the awareness of patients that adherence is being mea- 
sured may influence their behaviour. Adherence rates 
for many chronic drug therapies have been shown to 
range between 35-70% [11]. The consequences of poor 
adherence are poor health outcomes and increased 
health care costs [6]. 

Adherence in oncology 

Cancer patients are generally thought to have higher 
adherence rates than other patients because they are 
highly motivated by the gravity of their disease [12,13]. 
However, it has been shown that cancer patients have 
similar adherence rates to those of patients with other 
diseases [9,14,15]. Treatment duration plays a role in 
the adherence to the regimen. When the medication is 
continued over a longer period of time, patients become 
less adherent [16]. 

In oncology adherence has been studied mainly in two 
subpopulations, both using long-term medication. In the 
first population, breast cancer patients on adjuvant hor- 
monal therapy like tamoxifen the adherence rate has 
been subject of several studies [9]. The reported adher- 
ence rates range from 50% to 98% [13,16,17]. Several 
studies concerning adherence to oral medication have 
been published in the second subpopulation, patients 
with Chronic Myeloid Leukemia (CML) [15,18,19]. Non 
adherence appear to be associated with poorer response 
to imatinib [15,18]. Noens et al have shown that patients 
with suboptimal response had higher percentages of 
imatinib not taken (23%) than those with optimal 
response (7%). Marin et al have demonstrated in CML 
that there was a strong correlation between adherence 
rate and response. Adherence was the only critical factor 
for achieving molecular response. 

Another frequently overlooked problem is over-adher- 
ence. This may be more an issue in oncology patients 
than in other patients and may, in the case of oral antic- 
ancer agents, lead to substantially increased toxicity [10]. 
In the study by Nilsson et al. [14], 30% had an oversup- 
ply of their medication. 

Oncologists may not always consider the issue of 
adherence. Yet, suboptimal adherence may prove to be 



the greatest barrier to the effective use of new oral 
agents [9,18]. 

Causes of non-adherence 

Several factors have shown to be associated with non- 
adherence. These include patient variables like demo- 
graphic factors, patients beliefs, disease variables, various 
aspects of treatment regimes, side- effects and quality of 
life. 

The common sense model of self-regulation (CSM) 
developed by Leventhal et al [20] is a commonly used 
theoretical model to understand patients perceptions of 
illness. According to the CSM peoples' perception of 
and beliefs about their illness is an important factor in 
their reactions and behaviour to health threats. Illness 
perceptions can easily be measured with the Brief Illness 
Perceptions Questionnaire (Brief IPQ) [21]. 

Another factor which may influence adherence is 
patients beliefs about the medication. These representa- 
tions are usually determined with the Beliefs about Medi- 
cine Questionnaire (BMQ) [22]. Associations between 
adherence and BMQ scores have been shown[23-27]. 

Few studies have focused on patients' reasons for not 
adhering to oral anticancer agents. Eliasson et al [28] 
have reported that finding ways to deal with the side- 
effects leads to better adherence in patients with CML. 
In clinical trials adverse events are generally reported by 
clinicians, e.g. the National Cancer Institute's Common 
Terminology Criteria for Adverse Events (CTCAE). 
Basch et al have shown the value of patients' reported 
adverse symptom events in cancer patients, which better 
reflect their daily health status [29,30]. 

Erlotinib 

Erlotinib (Tarceva®) is an oral anticancer agent, which is 
registered for the second- and third-line treatment of 
NSCLC since 2006 [31] Erlotinib is a tyrosine kinase 
inhibitor (TKI) of epidermal growth factor receptor 
(EGFR-TKI). 

Diarrhea and skin rash are the most common side- 
effects of erlotinib. The incidence and severity of diar- 
rhea seems to be related to the schedule and dose of 
erlotinib [32]. Rudin et al [33] have not observed a rela- 
tionship between the Area Under the Curve (AUC) con- 
centration and diarrhea. However, they did find a 
relationship between trough plasma concentration 
(Qrough) of erlotinib and skin rash. Hidalgo et al [32] 
also detected a relationship between AUC and skin rash. 
Interestingly, patients who experienced skin rash had 
significantly longer survival [34,35]. 

Pharmacokinetics 

Hidalgo et al [32] have suggested that an erlotinib 
plasma concentration of 0.5 (ig/ml would be sufficient 
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for relevant antiproliferative activity. Peak concentrations 
(Cmax) of erlotinib of 1.737 ± 0.777 (ig/ml are reached 
2.44 ± 1.94 hour (Tmax) after administration of 150 mg a 
day. Erlotinib has a plasma volume of 233 L and is for 
95% bound to plasma proteins like albumine and al- 
acid-glycoprotein. The plasma elimination half-life is 
approximately 36 hours [36]. Erlotinib is mainly metabo- 
lized by the liver (90%), only a small part is excreted by 
the kidneys (9%). It is primarily metabolized by cyto- 
chrome P450 3A4 (CYP3A4) and in a lesser extent by 
CYP1A2, It is a substrate of the multi-drug transporter 
ATP-binding cassette transporter ABCG2 [37]. 

Several drug interactions, smoking and food may 
influence plasma concentrations of erlotinib. Drugs 
that increase the pH of the upper gastrointestinal tract 
may alter the solubility of erlotinib, thereby reducing 
its bioavailability. Inhibitors or inducers of CYP3A4 
and CYP1A2 influence the metabolism of erlotinib, 
which may result in increased or decreased plasma 
concentrations [31] Smoking results in a significantly 
lower plasma concentration [38]. When erlotinib is 
taken together with food the bioavailability of erlotinib 
increases almost two-fold [39]. It is therefore advised 
by the manufacturer to take erlotinib at least one hour 
before or two hours after a meal [31]. Serum total 
bilirubin, serum a 1 -acid glycoprotein, serum albumin, 
creatinine clearance and gender are significant co-vari- 
ables that explain interindividual variability for clear- 
ance [36]. 

Objectives 

The primary objective is to get insight into the relation- 
ship between adherence to erlotinib and the plasma 
concentration of erlotinib and the relationship between 
adherence and side-effects in patients with NSCLC. 
Furthermore, the relationships between patient charac- 
teristics, disease characteristics, side-effects, quality of 
life, patient beliefs and attitude towards disease and 
medication, adherence, dose adjustments and plasma 
concentration of erlotinib in patients with NSCLC will 
be explored. 

Methods/Design 

Study design 

A multicenter, prospective observational cohort study in 
which patients starting treatment with erlotinib will be 
followed for a period up to 16 weeks. At baseline and in 
weeks 3-4, 8-9, 12 and 15-16, patients will be asked to 
fill out a questionnaire. Furthermore, in weeks 3-4, 8-9 
and 15-16, blood samples are collected, which will be 
analysed for plasma concentration of erlotinib. Adher- 
ence will be measured using a medication event moni- 
toring system (MEMS). Information from the physician 
will be retrieved from the patient treatment file. 



Ethics 

The protocol was approved by the Medical Ethics review 
board of the VU University Medical Center, Amsterdam, 
The Netherlands. 

Recruitment and consent 

Patients will be recruited by the Departments of Pulmo- 
nalogy from twelve hospitals in the Netherlands. After 
the patient and doctor have decided on treatment with 
erlotinib, patients will be informed about the study and 
will receive written information to take home. Within 
two days the researcher will contact the patient by 
phone to further inform the patient of the study and to 
ask for his/her consent. If the patient decides to partici- 
pate in the study, he or she will sign the informed 
consentform. 

Inclusion criteria 

Patients with advanced NSCLC under treatment in one 
of the participating hospitals starting with the use of 
erlotinib can be included. Patients younger than 18 
years and those with insufficient knowledge of the 
Dutch language will be excluded. According to the sam- 
ple size calculation (see Statistics) a number of 65 
patients will be enrolled. 

Measurements 

Several methods are used to determine the variables. 
Most information is collected directly from patients: 
they will fill out questionnaires, will use an electronic 
monitoring pill-container and will donate blood samples. 
Furthermore, medical information will be retrieved from 
the patients' file. 
Questionnaires 

The patients will be asked to fill out five questionnaires 
spread over 16 weeks. The first questionnaire (t = 0) 
contains questions on patient characteristics, smoking, 
co-medication, side-effects, quality of life, and patients 
beliefs and attitude towards disease and medication. In 
weeks 3-4, 8-9 and 15-16 patients will be asked to fill 
out an elaborate questionnaire containing questions 
determining the adherence behaviour, side-effects, dose 
adjustment, co-medication, quality of life, and patients 
beliefs and attitude towards disease and medication. In 
week 12 patients are asked to fill out a short question- 
naire containing only questions determining the adher- 
ence behaviour, side effects, and dose adjustment. 
Discontinuation and reasons for discontinuation will be 
asked in a short questionnaire when a patient stops the 
erlotinib treatment prematurely. 
The questionnaires contain the following items: 
1. MARS (Medication Adherence Report Scale) 
[40,41]. This questionnaire contains statements about 
adherence behaviour. 
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2. Nature and grade of the side-effects in a five-point 
scale. 

3. Quality of life measured with SF-12 Health Survey 
[42,43]. The SF-12 is a short version of the SF-36 and is 
a validated method to measure quality of life. 

4. Attitude towards disease measured with Brief Illness 
Perception Questionnaire (Brief IPQ) [21]. The Brief 
IPQ is a validated method to measure the attitude 
towards disease. 

5. Beliefs and attitude towards medicines measured 
with Beliefs about Medicines Questionnaire (BMQ) [22]. 
The BMQ is a validated questionnaire. It is divided in 
two parts, the BMQ general and the BMQ specific. 
BMQ general measures the patient's beliefs and attitude 
towards medicines in general. The BMQ specific is spe- 
cified for erlotinib. 

6. Patient characteristics: date of birth, gender, socio- 
economic status and smoking (current smoking and 
never/previous smoking). 

7. Dose adjustments by the patient. Dose adjustments 
introduced by the doctor will be derived from the 
patient file. 

8. Co-medication. 

9. Discontinuation and reasons for discontinuation. 
Discontinuation is also derived from the patient file. 
Electronic monitoring system 

Adherence will be measured using a medication event 
monitoring system (MEMS) [44]. Electronic monitoring 
systems use standard pill containers with a small elec- 
tronic processor in the cap, to record the timing and 
frequency of bottle openings. Compared to other meth- 
ods (e.g., assay, self-report, collateral report, prescription 
refills), electronic monitoring captures more of the 
dynamics of medication-taking behaviour [45]. In this 
study the Evalan Real Time Medication Monitoring 
(RTMM) is used. 
Patient file 

The following items are derived from the patient treat- 
ment file. 

♦ Disease characteristics like disease stage and line of 
treatment. 

♦ Dose adjustments 

♦ Discontinuation and reasons for discontinuation 
Blood sample and laboratory test 

A plasma sample will be collected at visits of the patient 
at week 3-4, 8-9 and 15-16. This blood sample will be 
drawn simultaneously with the regular treatment's 
related blood sampling. At these visits patients are asked 
when they had their last meal and at what time they 
took their last erlotinib medication. Patients are sup- 
posed to take erlotinib at least one hour before or two 
hours after a meal [31]. Adherence to the instruction 



will be taken into account in the analysis of the study 
results. 

Apart from that, the time of the blood sample will be 
documented. Plasma concentrations of erlotinib will be 
analyzed by LC-MS/MS. The pharmacokinetic para- 
meters AUC, C max and Qhrough will be derived using the 
pharmacokinetic model as described by Lu et al [36]. 
The concentration ratio (CR) is defined as the measured 
erlotinib concentration divided by the mean population 
erlotinib concentration that is predicted by the model. 
To calculate the AUC, C max , C t h rou gh and CR the follow- 
ing covariates are measured and used as input for the 
model: gender, serum albumin, serum total bilirubin, 
serum al-acid glycoprotein, calculated creatinine clear- 
ance and smoking status [36]. The calculated AUC, 
C max < Qhrough and CR will be compared with the data 
on adherence from the questionnaires and the electronic 
monitoring system to study the relationship between 
adherence and the plasma concentration of erlotinib. 

Patients are asked about their co-medication in the 
questionnaires. The data on co-administration of inhibi- 
tors of CYP1A2 and CYP3A4, inductors of CYP3A4 and 
antacids will be examined as covariables. 

Statistics 

The data will be described by means of frequency analy- 
sis. Correlation coefficients will be calculated for rela- 
tionships between adherence, patient characteristics, 
disease characteristics, side effects, quality of life, patient 
beliefs and attitude towards disease and medication, 
dose adjustments and plasma concentration of erlotinib 
in patients with NSCLC. In particular, the correlation 
coefficient between plasma concentration and side- 
effects; the relationship between dose and plasma con- 
centration in daily practice; the influence of different 
factors on adherence; the influence of different factors 
on side-effects; the influence of different factors on 
quality of life; the influence of different factors on dose 
adjustment and discontinuation. By the use of a multi- 
variate regression analysis the influence of adherence 
(dependent variable) on plasma concentration and the 
influence of side-effects (dependent variable) on adher- 
ence will be calculated. The dependent variables will be 
adjusted for potential confounders. For all analyses a 
two-tailed significance level will be 0.05, all p values 
below this level will be considered statistically signifi- 
cant. The statistical analyses will be performed with 
SPSS 15.0 (SPSS Inc. Chicago, Illinois, USA). 

Discussion 

The present study aims to get more insight into 
patients' experiences with the use of erlotinib in daily 
practice. We expect variability in the adherence in the 
general oncology population. This may be complicated 
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by the inter-patient variability in the pharmacokinetics. 
We hypothesize that side-effects play an important role 
in the way patients use erlotinib. Therefore, the relation- 
ship between self-reported side-effects and adherence is 
also defined as a main objective. To get more insight 
into other factors related to adherence and other aspects 
of the use at home, the effects of determinants are stu- 
died in an explorative manner. 

We expect that the present study will provide valuable 
knowledge on patients' experiences with the use of erlo- 
tinib. This knowledge will be useful for health care pro- 
fessionals to develop specific interventions to support 
patients thus improving the adherence and persistence 
with the use of erlotinib in order to derive optimal ben- 
efit from the medication. 

Acknowledgements 

The study is funded by Roche Netherlands. LT received an unrestricted grant 
from Stichting PRISMA Albert Bakker Fonds. 

Author details 

'Department of Clinical Pharmacology and Pharmacy, VU University Medical 
Center, De Boelelaan 1117, 1081 HV Amsterdam, the Netherlands, 
department of Pulmonary Diseases, VU University Medical Center, 
Amsterdam, the Netherlands, department of Medical Oncology, VU 
University Medical Center, Amsterdam, the Netherlands. 

Authors' contributions 

JH and LT designed the study and obtained funding. ELS, EFS, EB and CB 
contributed to the study protocol. DM and JM contributed to the 
pharmacokinetics section. CB and LT will implement the multicenter 
protocol and collect the data. All authors read and approved the final 
manuscript. 

Competing interests 

The authors received an unrestricted grant from Roche Netherlands. The 
authors declare that they have no competing interests. 

Received: 20 May 2011 Accepted: 1 July 2011 Published: 1 July 2011 
References 

1. Fallow/field L, Atkins L, Catt S, Cox A, Coxon C, Langridge C, Morris R, 
Price M: Patients' preference for administration of endocrine treatments 
by injection or tablets: results from a study of women with breast 
cancer. Ann Oncol 2006, 17(2)205-210. 

2. Liu G, Franssen E, Fitch Ml, Warner E: Patient preferences for oral versus 
intravenous palliative chemotherapy. J Clin Oncol 1997, 15(1):1 10-1 15. 

3. Kruse GB, Amonkar MM, Smith G, Skonieczny DC, Stavrakas S: Analysis of 
costs associated with administration of intravenous single-drug 
therapies in metastatic breast cancer in a U.S. population. J Manag Care 
Pharm 2008, 14(9):844-857. 

4. Twelves CJ: Xeloda in Adjuvant Colon Cancer Therapy (X-ACT) trial: 
overview of efficacy, safety, and cost-effectiveness. Clin Colorectal Cancer 
2006, 6(4)278-287. 

5. Ward SE, Kaltenthaler E, Cowan J, Marples M, Orr B, Seymour MT: The 
clinical and economic benefits of capecitabine and tegafur with uracil in 
metastatic colorectal cancer. Br J Cancer 2006, 10/28(14)2381-8, 95(1)27- 
34. 

6. Sabate E: Adherence to long-term therapies Evidence for action Geneva: World 
Health Organization; 2003. 

7. Tebbi CK: Treatment compliance in childhood and adolescence. Cancer 
1993, 71(10 Suppl):3441-3449. 

8. Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, 
Wong PK: Medication compliance and persistence: terminology and 
definitions. Value Health 2008, 11(1)44-47. 



9. Ruddy K, Mayer E, Partridge A: Patient adherence and persistence with 
oral anticancer treatment. CA Cancer J Clin 2009, 59(1)56-66. 

10. Partridge AH, Avorn J, Wang PS, Winer EP: Adherence to therapy with oral 
antineoplastic agents. J Natl Cancer Inst 2002, 94(9):652-661. 

1 1 . Yeaw J, Benner JS, Walt JG, Sian S, Smith DB: Comparing adherence and 
persistence across 6 chronic medication classes. J Manag Care Pharm 

2009, 15(9)728-740. 

12. Klein CE, Kastrissios H, Miller AA, Hollis D, Yu D, Rosner GL, Grinblatt DL, 
Larson RA, Ratain Mj: Pharmacokinetics, pharmacodynamics and 
adherence to oral topotecan in myelodysplastic syndromes: a Cancer 
and Leukemia Group B study. Cancer Chemother Pharmacol 2006, 
57(2):1 99-206. 

13. Waterhouse DM, Calzone KA, Mele C, Brenner DE: Adherence to oral 
tamoxifen: a comparison of patient self-report, pill counts, and 
microelectronic monitoring. J Clin Oncol 1993, 1 1 (6):1 189-1 197. 

14. Nilsson JLG, Andersson K, Bergkvist A, Bjorkman I, Brismar A, Moen J: Refill 
adherence to repeat prescriptions of cancer drugs to ambulatory 
patients. Eur J Cancer Care (Engl) 2006, 15(3)235-237. 

15. Noens L, van Lierde MA, De Bock R, Verhoef G, Zachee P, Berneman Z, 
Martiat P, Mineur P, van Eygen K, MacDonald K, De Geest S, Altrecht T, 
Abraham I: Prevalence, determinants, and outcomes of nonadherence to 
imatinib therapy in patients with chronic myeloid leukemia: the ADAGIO 
study. Blood 2009, 1 13(22)5401-541 1. 

16. Partridge AH, Wang PS, Winer EP, Avorn J: Nonadherence to adjuvant 
tamoxifen therapy in women with primary breast cancer. J Clin Oncol 
2003, 21(4):602-606. 

17. Ruddy KJ, Partridge AH: Adherence with adjuvant hormonal therapy for 
breast cancer. Ann Oncol 2009, 20(3)401-402. 

18. Marin D, Bazeos A, Mahon F, Eliasson L, Milojkovic D, Bua M, Apperley JF, 
Szydlo R, Desai R, Kazlowski K, Paliompeis C, Latham V, Foroni L, 
Molimard M, Reid A, Rezvani K, de Lavallade H, Guallar C, Goldman J, 
Khorashad JS: Adherence is the critical factor for achieving molecular 
responses in patients with chronic myeloid leukemia who achieve 
complete cytogenetic responses on imatinib. J Clin Oncol 2010, 
28(14)2381-2388. 

19. Wu EQ, Guerin A, Yu AP, Bollu VK, Guo A, Griffin JD: Retrospective real- 
world comparison of medical visits, costs, and adherence between 
nilotinib and dasatinib in chronic myeloid leukemia. Curr Med Res Opin 

2010, 26(12)2861-2869. 

20. McAndrew LM, Musumeci-Szabo TJ, Mora PA, Vileikyte L, Burns E, Halm EA, 
Leventhal EA, Leventhal H: Using the common sense model to design 
interventions for the prevention and management of chronic illness 
threats: from description to process. Br J Health Psychol 2008, 13:195-204. 

21. Broadbent E, Petrie KJ, Main J, Weinman J: The brief illness perception 
questionnaire. J Psychosom Res 2006, 60:631-637. 

22. Home R, Weinman J, Hankins M: The beliefs about medicines questionnaire: 
the development and evaluation of a new method for assessing the 
cognitive representation of medication. Psychology and Health 1999, 14:1-24. 

23. Home R, Cooper V, Gel laitry G, Date HL, Fisher M: Patients' perceptions of 
highly active antiretroviral therapy in relation to treatment uptake and 
adherence: the utility of the necessity-concerns framework. J Acguir 
Immune Defic Syndr 2007, 1/45(3)334-341. 

24. Jonsdottir H, Friis S, Home R, Pettersen Kl, Reikvam A, Andreassen OA: 
Beliefs about medications: measurement and relationship to adherence 
in patients with severe mental disorders. Acta Psychiatr Scand 2009, 
119(l):78-84. 

25. Mardby AC, Akerlind I, Jorgensen T Beliefs about medicines and self- 
reported adherence among pharmacy clients. Patient Educ Couns 2007, 
69(1 -3):1 58-1 64. 

26. Menckeberg TT, Bouvy ML, Bracke M, Kaptein AA, Leufkens HG, 
Raaijmakers JAM, et al: Beliefs about medicines predict refill adherence to 
inhaled corticosteroids. J Psychosom Res 2008, 64(1)47-54. 

27. Schuz B, Marx C, Wurm S, Warner LM, Ziegelmann JP, Schwarzer R, et al: 
Medication beliefs predict medication adherence in older adults with 
multiple illnesses. J Psychosom Res 201 1, 70(2):! 79-1 87. 

28. Eliasson L, Clifford S, Barber N, Marin D: Exploring chronic myeloid 
leukemia patients' reasons for not adhering to the oral anticancer drug 
imatinib as prescribed. Leak Res 201 1, 35(5):626-630. 

29. Basch E, Jia X, Heller G, Barz A, Sit L, Fruscione M, et al: Adverse symptom 
event reporting by patients vs clinicians: relationships with clinical 
outcomes. J Natl Cancer Inst 2009, 101 (23):1 624-1 632. 



Timmers et al. BMC Cancer 201 1, 11:284 
http://www.biomedcentral.com/1471-2407/11/284 



Page 6 of 6 



30. Basch E: The missing voice of patients in drug-safety reporting. N Engl J 
Med 2010, 362(10):865-869. 

31. Roche Registration Ltd: Tarceva: European Public Assessment Report Product 
Information. Annex I: Summary of product characteristics European Medicines 
Agency: 2010. 

32. Hidalgo M, Siu LL, Nemunaitis J, Rizzo J, Hammond LA, Takimoto C, et ah 
Phase I and pharmacologic study of OSI-774, an epidermal growth 
factor receptor tyrosine kinase inhibitor, in patients with advanced solid 
malignancies. J Clin Oncol 2001, 19(13):3267-3279. 

33. Rudin CM, Liu W, Desai A, Karrison T, Jiang X, Janisch L, et al: 
Pharmacogenomic and pharmacokinetic determinants of erlotinib 
toxicity. J Clin Oncol 2008, 26(7): 1 1 19-1 127. 

34. Perez-Soler R, Chachoua A, Hammond LA, Rowinsky EK, Huberman M, 
Karp D, et al: Determinants of tumor response and survival with erlotinib 
in patients with non-small-cell lung cancer. J Clin Oncol 2004, 
22(16):3238-3247. 

35. Wacker B, Nagrani T, Weinberg J, Witt K, Clark G, Cagnoni PJ: Correlation 
between development of rash and efficacy in patients treated with the 
epidermal growth factor receptor tyrosine kinase inhibitor erlotinib in 
two large phase III studies. Clin Cancer Res 2007, 13(13)3913-3921. 

36. Lu JF, Eppler SM, Wolf J, Hamilton M, Rakhit A, Bruno R, et al: Clinical 
pharmacokinetics of erlotinib in patients with solid tumors and 
exposure-safety relationship in patients with non-small cell lung cancer. 
Clin Pharmacol Ther 2006, 80(2):136-145. 

37. Li J, Cusatis G, Brahmer J, Sparreboom A, Robey RW, Bates SE, et al: 
Association of variant ABCG2 and the pharmacokinetics of epidermal 
growth factor receptor tyrosine kinase inhibitors in cancer patients. 
Cancer Biol Ther 2007, 6(3):432-438. 

38. Hamilton (VI, Wolf JL, Rusk J, Beard SE, Clark GM, Witt K, et al: Effects of 
smoking on the pharmacokinetics of erlotinib. Clin Cancer Res 2006, 12(7 
Pt 1)2166-2171. 

39. Ling J, Fettner S, Lum BL, Riek M, Rakhit A: Effect of food on the 
pharmacokinetics of erlotinib, an orally active epidermal growth factor 
receptor tyrosine-kinase inhibitor, in healthy individuals. Anticancer Drugs 
2008, 19(2):209-216. 

40. Butler JA, Peveler RC, Roderick P, Home R, Mason JC: Measuring 
compliance with drug regimens after renal transplantation: comparison 
of self-report and clinician rating with electronic monitoring. 
Transplantation 2004, 77(5)786-789. 

41. Home R, Hankins M, Jenkins R: The Satisfaction with Information about 
Medicines Scale (SIMS): a new measurement tool for audit and research. 
Qual Health Care 2001, 10(3):1 35-140. 

42. Aaronson NK, Muller M, Essink-Bot ML, Fekkes M, Sanderman R, te Velde A, 
Verrips E: Translation, Validation, and Norming of the Dutch Language 
Version of the SF-36 Health Survey in Community and Chronic Disease 
Populations. J Clin Epidemiol 1998, 51 (11 ):1 055-1 068. 

43. Hurst NP, Ruta DA, Kind P: Comparison of the MOS short form-12 (SF12) 
health status questionnaire with the SF36 in patients with rheumatoid 
arthritis. Br J Rheumatol 1998, 37(8):862-869. 

44. Olivieri NF, Matsui D, Hermann C, Koren G: Compliance assessed by the 
Medication Event Monitoring System. Arch Dis Child 1991, 66:1399-1402. 

45. Denhaerynck K, Schafer-Keller P, Young J, Steiger J, Bock A, De Geest S: 
Examining assumptions regarding valid electronic monitoring of 
medication therapy: development of a validation framework and its 
application on a European sample of kidney transplant patients. SMC 
Medical Research Methodology 2008, 8:5. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.com/l471-24077l 1/284/prepub 



doi:10.1 186/1471-2407-1 1-284 

Cite this article as: Timmers et ah The use of erlotinib in daily practice: 
a study on adherence and patients' experiences. BMC Cancer 201 1 

1 1 :284. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J ™°l™a central 



